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ABSTRACT 

Alach.!or and  rnetolachlor have been found i n  g r o u n d  water as  the resul'., of 
leaching  after  application t o  crops i n  Gther s t a t e s .  A well  sampling  survey 
was conducted t o  determine  the  presence of residues of alachlor,  metolachlor, 
atrazine and n i t r a t e  i n  well  water sanples  obtained from corn and d r y  bean 
production  areas of California. The s t u d y  was, i n  par t ,  an extension 'of a 
previous  survey, conducted i n  corn and dry bean cropped areas of the 
Sacramento Valley:  similarly cropped areas were located i n  Merced  County i n  
the San Joaquin  Valley and wells were  sampled for  the  presence o f  herbicide 
residues. Analyses for atrazine and n i t ra te  were included  because atrazine 
has  also been  found i n  ground water as  a resul t  of  use on corn and because 
n i t r a t e  has been proposed as an indicator  for  areas  vulnerable  to  leaching. 
No confirmed residues of alachlor,  metolachlor o r  atrazine were found. 
Nitrate was detected i n  15 of 30 well  samples: a l l  15 were above 10 ppm and 6 
of the samples were above the 45 ppm EPA maximum contaminant level .  Although 
da i r ies  were located i n  1 4  of the 19 sampled sections,  residues were  below the 
level of  detection of 0 . 5  ppm i n  5 of those  sections.  Nitrate was a l so  
detected i n  well  water samples  taken from sections where da i r ies  were not 
located. Even though da i r ies  could be a source of nitrogen  for  residues i n  
well  water,  the  results from t h i s  s t u d y  were inconclusive and  would require a 
larger s t u d y  to  determine  the  exact  source of the  contamination. 

Of considerable  interest was the  relation of residues t o  geological and well 
construction  features. As part of the s t u d y  design, each section i n  the s t u d y  
area was assigned a value  indicating  potential f o r  contamination by leaching 
through s o i l .  The soil   vulnerabili ty  rating was based on a previous s t u d y  
that  related  the  occurrence of DBCP residues i n  well  water t o   s o i l  
nomenclature a t  the  family  level of taxonomic organization. The data  for 
nitrate  indicated  that  the  percentage of detections was not  related  to 
sectional  vulnerability  rating, b u t  the mean value of posit ive samples 
appeared  to  increase  as  the  vulnerability  rating  increased.  Concentration, 
however, also appeared to  be related t o  the  depth of perforations i n  well 
casings:  nitrate  concentrations tended t o  be greater i n  shallower  wells. When 
a l l   d a t a  were analyzed, a regression model, predicting  nitrate  concentrations 
as  a function of soil   vulnerabili ty and depth to  perforations w i t h  the  
inclusion of an interaction  term, was s igni f icant   a t  p=0.05 b u t  it only had an 

R = 25%. Other explanatory  variables, such as  the  exact i n p u t  of nitrogen 
per acre ,  may  be needed i n  order t o  improve the model. Since  concentrations 
of n i t r a t e  appeared t o  be related t o  b o t h  s o i l  vulnerability and t o  depth of 
the sampled aquifer,  collection of data on well character is t ics  could  aid i n  
the  interpretation of studies  intended t o  relate  surface  land  features w i t h  
concentrations of agricultural  chemicals  detected i n  well  water. 
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lN'I'HODUC'l'IOb1 

T h i s  s t u d y  Lias an extensic;; o f  a previcjus  well  sErvcy conducted by the 

California Department o f  Food arid Agriculture (CDFA) t o  determine whether 

residues of alachlor could  be de tec ted  i n  well water i n  t h e  Sacramento  Valley 

(Welling and Nicosia, 1986).  Alachlor is primarily used a s  a pre-emergent and 

ear ly  post-emergent herbicide  for  control of annual  grasses i n  corn and d r y  

beans. The potent ia l  l'or movement o f  alachlor through s o i l s  t o  ground water 

is considered h i g h  because i t  has been  found i n  well  water  samples  taken from 

corn  production  areas i n  Nebraska (Wehtje, e t .  &, 1984). 

In California,  alachlor  residues have yet t o  be detected i n  ground water a s  a 

result of non-point  source  leaching  through s o i l s  from agr icu l tura l  

applications (Ames, 1988). One well sampled i n  the Sacramento Valley had a 

confirmed positive  residue  for  alachlor  (Welling and  Nicosia, 1986) .  However, 

the well was i n  d isrepair  and there was evidence of leakage of surface  water 

directly  into  the  wellhead; The detection was determined to  be a point  source 

and not  the  result of non-point  source  leaching. 

The previous  survey was conducted i n  1985 i n  the Sacramento  Valley which 

refers  to  the  portion of ';he Central Valley tha t  is north  of  the American 

River  (Department of Water Resources, 1980). In order  to  provide  data i n  

other  portions of California,  corn and d r y  bean production  areas were also 

i d e n t i f i e d  i n  the San Joaquin Valley,  the  portion of the  Central  Valley  south 

ol' the 4mer ican River.  

corn a r ~ d  d r y  Dear-1 gt,owing &:-'?as located in Merbced County  and t h e y  were 

analyzed  for t h e  presence of alacklor.  In addition  to  alachlor, samples were 

a l so  analyzer', for  Zcrazine, metolachlor and nitrate.  Atrazine and metolachlor 

- .. 0 !-, t ,his s t u d y ,  well  water  samples were taken from 



were  included  because  they  are  used  on  corn  and  dry  beans  and  they  also  have a 

poter~tial.  to leach through  soils (Cohen, - et. - 9  al. 1984). Nitrate was  included 

because  conce,ntrations in ground  water  have  been  shown  to  be  associated  with 

agricultural  use (Canter, 1987) and  with  occurrence of pesticide  residues 

(Libra, ct &, 1987; Baker I et -, al. 1989) 

One  other  aspect of  this  study  was  the  use of soil (mapping units as a 

stratification  variable in  the  sampling  design. A previous  study  using  data 

from  Fresno County, California, 'sought  to assess  the  utility of available 

soil  and  groundwater  data  bases in predicting  groundwater  contamination by 

pesticides'  (Teso et &, 1988). Those  results  ,indicated a spatial 

association  between  wells  with DBCP residues and soil nomenclature. For this 

study, areas where  corn  and  dry  beans  were  grown  were  stratified by a soil 

vulnerability  rating  that was based  on  the Fresno'County analysis.  Similar 

soi ls  occurred in  both  counties.  Regression  analysis was used to explore 

possible  relationships  between  concentrations of detected chemicals, the  soil 

vulnerability rating, and  depth  to perforations, a we31 characteristic  that 

indicates  the  depth of the  aquifer  from  which ground.water is obtained. 
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MATERIALS AND METHODS 

Study  Design 

?'he identification of sampling  sites  was based on  cropping  patterns  and on 

s o i l  data. First, the  corn  and d r y  bean  production areas of Merced  County 

were  identified  on  a  sectional  basis. A section, as defined by the  United 

States  Geographical  Service's  Public  Survey  Coordinate  System (Foote and 

Davis, 1 9 6 6 ) ,  is a  one  square mile area of land. In  each section, the crop 

production  information  was  overlain  with an  index f o r  vulnerability of 

associated  soils to leaching.  Vulnerability  ratings were statistically 

generated  from  Teso -- et  al. (1988) who  determined  the  relationship  between  the 

occurrence of DBCP residues in well  water  and  the nomenclature of soils within 

sections  located in Fresno  County. In that study, projected ratings were 

tested f o r  sections in  Merced  County  because soils of the same family  existed 

in  Merced County, The same sectional  ratings  derived in that  previous  study 

were  used in this  study  to initially  stratify the  well  sampling  into 3 

categories: 0-33$, 34-67$ and 68-100$ (Appendix I). A group of ten sections 

where  corn or dry beans  were  grown  were  assigned  to  each  probability  range. 

One  well was to  be sampled per section.  However,  problems  with  well 

construction  and  with  consent of well. owners  limited  availability of wells  for 

sampling. The number of sections and number of wells  sampled in each  section 

differed  from  original  projections: ten wells in  six sections were sampled in 

the 68-100% category,  eleven  wells in seven  sections  were  sampled in the 34- 

678 category, and nine  wells in six sections  were  sampled in the 0-33% 

category ( F i g u r e  1.). 
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Figure 1. Well sampling area in  northwest Merced County. 



Samples  were  analyzed f o r  t h e  presence of a l a c h l o r ,  nletolachlor., atrazine, and 

n i t r a t e .  Kegression ar!i i?ysis was  used to test for relationshj [x; bc+.ween 

detecced  chemical  residues  and t h e  projected ratings f o r  soil  vulnerability 

and d e p t h  to riel1 perforations,  a  well  characteristic  that  indicates  the  depth 

01' the  aquifer from which  water  was drawn. For completeness, both  sequential 

(Type I) and  partial  (Type 11) sums of squares  are  presented (SAS Institute 

Inc, 1986). 

Sample Collection 

Well  water  samples  were  collected  from 30 wells in February, 1987. Owing to 

conflicting  results  for  atrazine and  alachlor  between the  two  analyzing 

laboratories  during  the  first  sampling, it was necessary  to  resample  the 

original  wells.  However,  only  twenty-nine  wells  were  resampled i n  May, 1987 

because one owner  refused  permission for  resampling. Samples from February 

were  analyzed  for  pesticide and nitrate  residues  and  samples  from May were 

analyzed  only  for  pesticide  residues. 

Prior to sampling,  well l ogs  were  obtained for  the  area of interest. A l l  

wells  selected f o r  sampling had cement o r  bentonite  sanitary seals and  a 

sampling  port  located  before  any  in-line  filter  systems.  Shallow  wells  and 

wells  with  sampling  ports  between  the  well  and  tank  were  selected 

preferentially.  Owners of selected  wells  were  asked  to  grant  permission  to 

sample. 

i , J b ~ e r !  possible, the well pumps were  run for  the amount of' time  needed to flush 

three times ';he amount of sLanding wat,er f-rom t h e  casing. All samples were 

co:iect ,ed in one-liter  amber glass bottles  with a!~uminum foil-lined l i d s .  

Eac5 bottle was rinsed and then f i l l e d  wit;] water from t h e  sampling  port. The 



samples were  stored  on  wet  ice and kept  refrigerated at 4" C until  analysis. 

Well  water pH  and other  pertinent  sampling  data  were  recorded on the 

accompanying  chain of custody. 

Chemical Analyses 

For the 30 well  water  samples  collected in February, 1987, the  primary 

analyses  were  conducted by Agricultural  and  Priority Pollutants, Laboratories, 

Inc. (APPL) in Fresno, California.  Quality  control  analyses  were  conducted by 

the  CDFA  Chemistry  Laboratory  Services  Branch in Sacramento, California. 

Detection of alachlor, atrazine,  and  metolachlor  residues  was  accomplished by: 

a methylene  chloride  extraction,  extract  concentration,  solvent  exchange  (to 

hexane at APPL or ethyl  acetate at CDFA),  and  analysis  using gas 

chromatography. APPL  laboratory  used a Lachet  Autoanalyzer  to  detect  nitrate. 

Replicate  analyses  were  used to  confirm  detected  levels. The CDFA laboratory 

did not conduct  nitrate  analyses. A detailed  description of analytical 

methods is presented in Appendix 11. 

Quality  control  procedures  for  pesticide  analyses  included  the analysis of 

split samples  and  replicate  samples  (Appendix 111). Samples from 6 wells were 

split into  two  portions; one portion was analyzed by APPL laboratory  and the 

other  portion by the  CDFA  laboratory. At each well, two  replicate samples 

were  collected  for  each  pesticide  analysis. 

AL1 positive  detections  found by  the  CDFA laboratory  were subject to 

confirmation by a second  column  and  detector on t h e  gas chromatograph. A 

detailed  description of quality control procedures  used  within  each  laboratory 

is presented in Appendix 11. 
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For t h e  29 well  water samples collected i n  May, 1987,  t h e  primary armlyses 

were conducted by t h e  CDFA laboratory and quality  control an;l!yses jere 

conducted by APPL iaboratory. Wat?r, samples were analyzed f u r  a lachlor ,  

atrazine and metolachlor b u t  not f o r  n i t r a t e .  Analytic21 methods were 

ident ical  t o  those used f o r  the February sampling. The same quality  control 

procedures were  used w i t h  one exception, a f ie ld  blank ( a  sample of pesticide- 

f r ee  deionized  water) was prepared a t  each well s i t e  and  submitted w i t h  the 

samples. 
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RESULTS AND DISCUSSION 

Information  collected  on  sampled  wells is  presented  in Table 1. Most  were 

cased  with PVC, sealed  with  bentonite  and  used  for  domestic  purposes.  During 

analysis of .the data, it' was  discovered  that one of the sections was 

originally  misclassified so the  actual  number of wells  sampled  in  each soil 

probability  range  was: 9 wells in the 0-33% range, 11 wells in the 34-67% 

range, and 10 wells in the 68-100$ range. Also,  the  initial  design was based 

on one well sample per section, but  there  were  insufficient  acceptable wells 

in the  study  area to fulfill  this  requirement so multiple  samples were taken 

in a section. 

Pesbicide Analysis 

There were no confirmed  residues of alachlor,  metolachlor or atrazine in any 

of the  water samples taken  during  the  February or May sampling  dates. Thus, 

no statistical  test  was  possible  between  the  occurrence of pesticide residues 

and the  section soil probability  ratings.  Results for  all analyses of 

samples, replicate  samples and split samples  between  laboratory are given in 

Table 2. Since most  analyses  were  negative  (below  the  'detection  limits), data 

for  quality  control  indicated  good  agreement  between  replicate samples and 

split laboratory  samples.  There  were  a  few  detections,  but  they  could not be 

confirmed so they  were  considered  false  positives.  More specifically, one 

sample initially  tested  positive for  alachlor  at 0.1 ug/L and  two samples 

tested  positive for  atrazine at 0.07 and 0.1 ug/L. These results  could  not be 

conf j.rmed, 
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'del 1 Range  in Depth of Casing Sealing Use 
Identification Perforations the  casing Material Material 

( feet)  (feet) 

Ala 
A2 
A3 
A5 
A6 
A7 
A8 
A9 
A10 
B1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
B10 

B1 lb  
c1 
c2 
c3 
c4 
c5 
C6 
c7 
C8 
c9 
c10 

50 - 60 
55 - 65 
go - 110 
113 - 152 
85 - 105 

250 - 290 
65 - 85 
45 - 65 
54 - 64 
105 - 125 
115 - 115 
105 - 125 
98 - 148 
44 - 62 

154 - 164 
110 - 140 

180 - 200 
140 - 180 
63 - 83 
85 - 100 
75 - 85 
85 - 100 
120 - 140 
50 - 80 
106 - 116 
87 - 107 
137 - 157 
70 - 90 
115 - 135 
110 - 130 

67 
65 
110 
160 
105 
290 
85 
65 
64 
125 
115 
125 
148 
62 
140 
164 
200 
180 
83 
100 
85 
100 
140 
80 
116 
107 
157 
90 
135 
130 

PVC 
PVC 
PVC 
Steel 
Steel 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PV c 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
Steel 
PVC 
PVC 

Ben  ton i te 
Ben  ton i te 
Bentonite 
Cement 
Ben  ton i te 
Bentonite 
Ben  ton i te 
Ben  ton i te 
Ben  ton  ite 
Ben  ton i te 
Ben  ton i te 
Cement 
Bentonite 
Ben  ton i te 
Cement 
Ben  ton i te 
Ben  ton i te 
Ben  ton  i  te 
Ben  ton i te 
Ben  ton i te 
Ben  ton i te 
Ben  ton i te 
Ben  ton i te 
Ben  ton i te 
Ben  ton i te 
Cement 
Cement 
Bentonite 
Bentonite 
Ben  ton i te 

Domestic 
Domestic 
Domestic 
Irrigation 
Domestic 
Domestic 
Domes t i c 
Domes  tic 
Domestic 
Domes t i c 
Domestic 
Domestic 
Domestic 
Domestic 
Domes t i c 
Domestic 
Domes t i c 
Domestic 
Domestic 
Domestic 
Domestic 
Domestic 
Domestic 
Domestic 
Domestic 
Domestic 
Domestic 
Domes t i c 
Domestic 
Domestic 

a A, B  and C refers to s o i l  sectional  probability  ranges of 0-33,  34-67 and 
68-loo$, respectively. 

T h i s  well was originally  designated  as A4 b u t  subsequently  assigned  to  the  B 
range. 
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Table 2. Results of the Merced County sampling,  February - March, 1987. 
Samples w i t h  no detectable amount are indicated by a < sign and the 
detection limit.  APPL=Agricultural Priority Pollutants  Laboratory, 
Fresno, California; CDFA=taboratory Services,  California Department 
of Food and Agriculture, 

Well ID Date sampled Laboratory Alachlor Metolachlor Atrazine 

A02 

A03 

A05 

A06 

A07 

A08 

A09 

A10 

BO 1 

BO2 

BO3 

BO4 

BO5 

BO6 

BO7 

BO8 

BO9 

5/5/87 

2/3/87 
5/5/87 
2/3/87 
5/5/87 
2/3/87 
5/5/87 

2/3/87 
5/5/87 
2/4/87 

5/5/87 

2/3/87 
5/5/87 
2/4/87 
5/6/87 
2/5/87 
5/5/87 
2/3/87 

2/3/87 
5/6/87 
2/3/87 
5/6/87 
2/3/87 
5/6/87 
2/3/87 
5/5/87 
2/3/87 
5/4/87 
2/4/87 
5/4/87 
2 14/87 

5/4/87 

2/4/87 
5/6/87 

APPL 
CDF A 
APPL 
CDFA 
APPL 
CDFA 
APPL 
CDFA 
APPL 
APPL 
CDFA 
APPL 
CDFA 
APPL 
CDFA 
APPL 
CDF A 
APPL 
CDFA 
APPL 
CDFA 

CDFA 
APPL 
CDFA 
APPL 
APPL 
APPL 
CDFA 
APPL 
CDFA 
APPL 
CDFA 
APPL 
CDFA 
APPL 
CDFA 
APPL 
CDFA 
APPL 
CDF A 
APPL 
CDFA 

APPL 

<0.05,<0.05 
0 . 1  

<o. 1 
( 0 . 3  
<0.05,<0.05 
t0.3 
<0.05,<0.05  
<0.3 
<0.05,<0.05 
<o. 1 
< O .  3 
<0.05,<0.05 
C0.3 
<0.05,<0.05 
(0.1 
<o.  1 
<0.3 
<0.05,<0.05 
< O .  3 
<0.05,<0.05 
<0.3 
<0.05,<0.05 
(0 .3  
<0.05,<0.05 
<o. 1 
<0.05,<0.05 
<o.  1 
<0.05,<0.05 
<0.3 
<0.05,<0.05 
<0.3 
<0.05,<0.05 
<0.3 
<0.05,<0.05 
<0.3 
<0.05,<0.05 
<0.3 
<0 .05 , t0 .05  
(0 .1 
<o. 1 
<0.3  
<0.05,<0.05 
( 0 . 3  

<0 .2  
<o. 1 
<0.3  
t0 .5 ,  (0.5 
<0.3 
<0 .5 ,<0 .5  
<0.3 
<0 .5 ,<0 .5  
<o. 1 
<O. 3 
< 0 . 5 , < 0 . 5  
<0.3 
<0.5,<0.5 
<0.2 
(0.1 
<0.3 
<0.5,<0.5 
(0.3 
<0 .5 ,  <0.5 
(0.3 
<0.5,<0.5 
<0,3 
<0.5,<0.5 
(0 .2  
<0 .5 ,<0 .5  
<o. 1 
<0.5,<0.5 
t0.3 
<0.5,<0.5 
<O. 3 
<0.5,<0.5 
<0 .3  
<0 .5 ,<0 .5  
< O .  3 
<0.5, (0 .5  
<O. 3 
<0.5,<0.5 
<0.2 
<o. 1 
i o .  3 
<0.5,<0.5 
<0.3 

0.1 
t o .  1 
<o .  I 
<0.6 
(0.1 
<0.6,<0.6 
(0.1 
<0.6,<0.6 
<o. 1 
(0.1 
<0.6,<0.6 
<o. 1 
<0.6,<0.6 
<O.  05 
<o. 1 
<0.3 
<0.6,<0.6 
<o. 1 
<0.6,<0.6 
(0.1 
<0.6,<0.6 
<o. 1 
<0.6 ,<0 .6  
<0.05 
<0.6,<0.6 
<o. 1 
<0.6,<0.6 
<o. 1 
<0.6,<0.6 
(0.1 
<0.6,<0.6 
(0.1 
<0.6,<0.6 
<o. 1 
<0.6,<0.6 
<o. 1 
<0.6,<0.6 
< O .  05 
<o. 1 
<o .  1 
< 0 . 6 , < 0 . 6  
<o. 1 
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Well 11) Date sampled Laboratory  Alachlor Metolachlot~ Atraz ine  
-. ( ppb)  ( ppb 1 ( ppb 1 

€310 

B 1 1  

co 1 

c02 

C03 

C04 

C05 

C06 

C07 

C 08 

cog 
c10 

2/3/87 
5/5/87 
2/3/87 
5/5/87 
2/3/87 
5/5/87 
2/4/87 
5/6/87 
2/4/87 
5/5/87 
2/4/87 
5/6/87 
2/4/87 
5/6/87 
2/4/87 
5/4/87 
2/5/87 
5/5/87 
2/5/87 

5/5/87 

2/5/87 
5/4/87 
2/5/87 

5/5/87 

APPL 
CDFA 
APPL 
CDFA 
APPL 
CDFA 
APPL 
APPL 
APPL 
CDFA 
APPL 
CDFA 
APPL 
CDFA 
APPL 
CDFA 
APPL 
CDFA 
APPL 
CDFA 
APPL 
CDFA 
APPL 
CDFA 
APPL 
CDFA 
APPL 
CDFA 

<0.05,<0.05 
( 0 . 3  
(0 .05 ,<0 .05  
t 0 . 3  
<0.05,<0.05 
( 0 . 3  
<0.05,<0.05 
<0.3 
<0.05,<0.05 
( 0 . 3  
<0.05,<0.05 
< O .  3 
< 0 . 0 5 , < 0 . 0 5  
C0.3 
<0 .05 ,<0 .05  
<0.3  
<0.05,<0.05 
<0.3 
<0.05,<0.05 
<o.  1 
<o.  1 
< 0 . 3  
<0 .05 ,<0 .05  
<0.3 
<0 .05 ,<0 .05  
<o .  1 
<o. 1 
(0.3 

< 0 . 5 , < 0 . 5  
(0.3 

<O. 3 
< 0 . 5 , < 0 . 5  
( 0 . 3  

t0.3 
<0.5,<0.5 
t 0 . 3  
<0 .5 ,<0 .5  
( 0 . 3  
< 0 . 5 , < 0 . 5  
<0.3 
< 0 . 5 , < 0 . 5  
( 0 . 3  
< 0 . 5 , < 0 . 5  
<0.3 
<0.5 ,<0 .5  
<0 .2  
<o .  1 
<0.3 
< O S ,  (0.5 
<0.3 
<0.5,<0.5 
<0.2  
<o.  1 
<O. 3 

< 0 . 5 , ( 0 . 5  

< 0 . 5 , < 0 . 5  

<0.6,<0.6 
< o .  1 
(0.6 
< o .  1 
i0.6,<0.6 
<o .  1 
<0 .6 ,<0 .6  
<o .  1 
<o.6,<0.6 
(0.1 
<0.6,<0.6 
<o .  1 
< 0 . 6 , < 0 . 6  
< o .  1 
<0 .6 ,<0 .6  
(0.1 
<0.6,<0.6 
<o.  1 
<0.6 ,<0.6  

<o .  1 
<o .  1 
<0.6,<0.6 
(0.1 
<0.6,<0.6 
<0.05 
(0.1 
<o .  1 

0.07 



e i ther  in the  replicate samples that were taken a t  the same time or  in 

additional samples  taken a f t e r   t he   f i r s t  sampl ing  period.The MDL's f o r  each 

herbicide were 0.05-0.3, 0.5-0.1, and 0.05-0.6 ug/L for  alachlor,  metol.achlor 

and atrazine,   respectively.  Since  the in i t i a l   l eve l s  of detection were w i t h i n  

the MDL ranges, they  could have  been measures of instrument  baseline 

vari.ation. T h u s ,  these  detections were considered false   posi t ives  because of 

the i r  low i n i t i a l  values and the  inability  to confirm i n  subsequent  samples. 

Nitrate Analysis 

Ni t ra t e s ,   a t  a minimum detection limit of 0.5 ppm, were detected i n  15 of the 

30 wells sampled i n  February  (Table 3 ) .  The concentrations for a l l  15 samples 

were above 10 ppm w i t h  s i x  wells above the 45 ppm EPA drinking water standard. 

Land use  surveys were conducted for  a l l  sampled sections (Appendix IV). A 

t o t a l  of 19 sections were surveyed of which 14 (76%) contained  dairies  (Table 

4 ) .  In sections  containing  dairies,  residues were detected i n  9 (64%) 

sections:  conversely,  residues were  below detection limits i n  5 (36%) 

sections.  A non-significant 3 test  indicated  that  the  probability for  

detection of n i t r a t e  was independent of the  presence of da i r ies  i n  a section. 

T h i s  observation  should be considered  preliminary  because of the small number 

of sampled sections. Based  on t h i s  sectional  analysis,  the  souree of  nitrogen 

w i t h  respect  to  the  presence of dair ies  was inconclusive. 

12 



We1 1 Vulnerability Township-Range Average Nitrate 
Identification Ratjng Section  Location Perforation Concentration 

( F )  ( feet) Ippm)-..-..---- 

A1 
A2 
A3 
A5 
A6 
A7 
A8 
A9 
A10 
B1 
B2 
B3 
B4 
B5 
B6 
B7 
B 8  
B9 
B10 
B11 
c1 
c2 
c3 
c4 
c5 
C6 
c 7  
C8 
c9 
c10 

29 
29 
29 
18 
12 
20 
14 
29 
29 
65 
55 
55 
55 
45 
41 
41 
41 
41 
55 
42 
72 
83 
72 
83 
72 
72 
72 
72 
72 
72 

7s-1OE-16 
7s-JOE-16 
7s-1OE-16 
6s- 1 OE-35 
6s-  9E-25 
6s-12E-10 
7s- 1 OE- 15 
7s- 1 OE- 10 
7s- 1 OE- 16 
6s- 1 OE-34 
6s-10E-19 
6s- 1 OE- 17 
6.3-10E- 7 
7s-10E-17 
6s-12E- 9 
6s-12E- 9 
6s-12E- 9 
6s-12E- 9 
6s-1OE- 7 
6s- 1 OE-30 
7s-IOE-14 
65- 1 OE-27 
7s- 1 OE- 14 
6s- 1 OE-27 
6s- 1 OE-24 
7s-11E-12 
7s-10E-14 
6s- 1 OE-22 
7s-1OE-14 
7s- 10E- 1 1 

65 
60 
100 
133 
95 
270 
75 
55 
59 

1 I5 
115 
115 
123 
53 
125 
159 
190 
160 
73 
92 
80 
93 
130 
65 

1 1 1  
97 
147 
80 
125 
120 

( 0 . 5 ,  <0.5a 
<0.5,  (0.5 
<0.5, (0.5 
<0.5,  (0 .5  
<0 .5 ,  (0 .5  

<0.5, (0.5 
44.0, 44.0 
< 0 . 5 ,  (0.5 

14.5, 17.2 
23.7, 24.6 
66.4, 65.1 
(0 .5 ,  (0.5 
46.2, 46.6 
15.4, 12.3 
22.0, 16.3 
26.4, 26.0 

28.6, 30.4 
<0.5, (0.5 
(0.5, (0.5 
<0.5, <0.5 
88.9, 88.9 
<0.5, (0.5 
52.3, 52.3 
(0 .5,  (0.5 
88.4, 88.4 
(0 .5 ,  C0.5 
<0 .5 ,  (0.5 

12.3,  12.3,  12.3 

13.4, 13.8,  13.6 

55.034.6 
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Table 4. Contingency  table for  the  number of sections  classified as either 
negative or  positive for detection of nitrate residues in sections 
where  dairies  were  present o r  not.  Values in parenthesis art? 
expected  values f o r  t ha t  classification. 

Presence of Diaries 

No Yes Totals 
I I I I 

Presence of I No I 3 I 5 1  8 
Nitrate I I ( 2 . 1 )  I ( 5 . 9 )  I 
Residues I I I I 

I Yes I 2 I 9 I 11 
I I (2.9) I (8.1) I 
I I I I 

Totals I I 5 I 14 I 19 

x2 = 1.097 at 1 degree of freedom; non-significant at p<0.05 



Data were  analyzed to  relate the occurrence 0.f residues  to  geographical 

location (soil. vulnerability  rating)  and  to a ruel.1 characteristic  (depth to 

perforations). The number of positive  results in each  category of soi l .  

vulnerability was 2 of 9 samples in the 0-33% s o i l  probability range, 10 of 1 1  

samples in the 34-67$ soil  probability range, and 3 of 10 samples in the 68- 

100% soil probability  range. Although the  occurrence in  the  i.ntermediate 

group was high, the  frequency of positives did not  appear to follow a  trend 

with  respect to sectional  probability  rating. The mean  concentration of 

positive  results  appeared to  increase  in  relation  to  the  vulnerability rating, 

especially at the  highest range; means  were 28.2 ppm  in the 0-33% range, 31 .O 

ppm in the 34-67% range and 76.5 ppm  in  the 68-100% range. 

A graphical  inspection of the  data  indicated  that  nitrate  values  appeared to 

be  higher at higher  soil  vulnerability  ratings  (Figure 2).  However, nitrate 

values also appeared  related  to  the  depth of perforations in  well casings: 

Nitrate  values  were  higher in wells  with  shallower  perforations  (Figure 3). In  

regression  analysis  using both negative  (values  below  the  minimum  detection 

limit of 0.5 ppm were  treated as 0) and  positive data, a  model  that  included 

both  factors and a term  for  their  interaction was significant at p=O.O5 (Table 

5). The R for that  model  was  low at 25%. 2 
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Table 5 ,  Regression a n a l y s i s  of v a r i a n c e  for the r e g r e s s i o n  of  n i t r a t e  
i:ollccntratir ,n against vulnerab~i 1 i t y  r a t i l i g  and mean dept;h t o  
p e r f o r a t i o n s  in wel~ls. W = Vulnerabi.lity rating and D mean u e p t h  
t o  p e r f o r a t i o n s .  

Source of Degrees o f  Sums of  F-Value Probabi l i  by 
Var i a t  ion Freedom Squares of  > F-value 

Model 3 5381.10 
Error 26 16055.95 

'rype 1 Sums o f  Squares (Sequential) 
V 1 1707.32 
D 1 
V*D 1 

240.15 
3433.63 

Type I1 Sums of Squares ( R e g r e s s i o n )  
V 1 4698.78 
D 1 2000.25 
V*D 1 3433.63 

Parameter Estimate T f o r  HO=O 
Intercept -37.4453 -1.44 
V 1.7633 2.76 
D 0.3921 1.80 
V*D -0.0137 -2.36 

2.90 

2.76 
0.39 
5.56 

7.61 
3.24 
5.56 

Pr > T 
0.1614 
0.0105 
0.0835 
0.0262 

0.0537 

0.1084 
0.5383 
0.0262 

0.0105 
0.0835 
0.0262 

Std Error 
25.9796 

0.6392 
0.2179 
0.0058 



The significant  interaction  between  soil  vulnerability  rating  and depth to 

perforations  indicated a dependence  between  these  factors  when  predicting 

nitrate  concentrations. A plot of depth to  well perforations in relation to 

soil  vulnerability  rating  indicated an  uneven  distribution in well depth 

across soil  vulnerability  index (Figure 4). Some  wells  sampled in soils with 

lower  soil  vulnerability  ratings had perforations  deeper  than  an average of 

150 feet  whereas  no  wells  deeper  than 150 feet  were  sampled  in the  higher soil 

vulnerability  range. Thus, both  factors may  be important  explanatory 

variables  for  the  concentration of agricultural  solutes in well water,  but, 

because of the  small  sample  size in  this study, conclusions  need  to  be 

validated  over a greater  area.  Other  geologic and agronomic factors,  such as 

the input of nitrogen  per acre, may  be important in determining presence or 

absence of agricultural  chemical  residues in ground  water  and  could  be 

important in explaining  more of the  variability  in  results. 

Although  the  vulnerability  rating  had  been  previously  derived f o r  a pesticide, 

DBCP, the  goal of that  study  was  to  derive a geographic basis for 

distinguishing  between  areas  sensitive to leaching  (Teso  et al., 1988). The 

application of these  ratings  to  other  pesticides or inorganic chemicals needs 

further  investigation.  However,  under  agricultural  conditions solutes, 

whether  organic or inor.ganic,  leach to ground  water as soluble constituents of 

deep percolating  water  (Green  and Khan, 1987). 
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The e x t e n t  of l e a c h i n g  will be a f u n c t i o n  of  t h e  r eac t ions   be tween  s o i l  

components  and t h e  chemical, and of the  rates a t  which chemicals are  

t r ans fo rmed  (Rao and  Davidson, 1980). These c o n c e p t s  are employed in   complex  

models of s o l u t e   t r a n s p o r t  (Otoma and  Kuboi, 1985; Wagenet  and  Hutson,  1986).  

T h u s ,   a n   i n d e x   o f   g e o g r a p h i c a l   l e a c h i n g   v u l n e r a b i l i t y   s h o u l d  be a p p l i c a b l e  t o  

either pesticide or n u t r i e n t   l e a c h i n g .  The r e l a t i o n s h i p   o b s e r v e d   i n  t h i s  

s t u d y   b e t w e e n   n i t r a t e   c o n c e n t r a t i o n   a n d  well d e p t h  h a s  also been  found  in  Iowa 

(Hallberg, 1987)   and  in  Ohio (Baker - e t  a1 1 9 8 9 ) :   c o n c e n t r a t i o n  of n i t r a t e  

t ended  t o  be lower when d e e p e r   a q u i f e r s  were sampled .   Fac to r s   such  as well 

d e p t h  may b e   i m p o r t a n t   e x p l a n a t o r y   v a r i a b l e s  t h a t  c o u l d  a i d  i n   i n t e r p r e t a t i o n  

of data from s t u d i e s   d e s i g n e d  t o  re la te  s u r f a c e   l a n d   f e a t u r e s  w i t h  l e v e l s  of 

d e t e c t e d   g r o u n d  water contaminants .  

21 



1 .  No residues of alachlor,   atrazine o r  metolachlor were found i n  well watw 

sampled i n  corn arid dry bean growing areas of Mer,ced county, i n  the Sa.ri 

J0squi.n Valley. These resu l t s  were similar t o  a  previous s tudy c:onduct,eci 

i n  corn and dry bean growing areas i n  the Sacramento  Valley. 

2. Nitrate was detect,& i n  j5  of 30 well  water  samples.  Concentrations of' a l l  

15 samples were above 10 ppm and 6 samples  contained  levels above the 4;; 

ppm EPA Advisory level ,  Although (iairies were locaked i n  14 of? the 7": 

sampled sections,  reskdues were below the  level of detection of 0.5 ppm j.?, 

5 of thuse  sections.  Nitrate was also detected i n  well water  samples ta.kei: 

from sections where da i r ies  were not Poaated. Even though da i r ies  could b:: 

a source of nitrogen for residues i n  well w t e r ,  t he  results from thi?:  

study were inoonc1,usive and would require a larger s tudy t o  determine th? 

exact  source of the  contamination. 

3 .  Nitrate  concentration i n  wells were correlated w i t h  an index of m i l .  

vulnerabili ty to  leaching and to  the depth of sampled wells. Collectinq 

data on well   characterist im could aid i n  the  interpretation of s tudies  

intended t o  relate  surface  land  features w i t h  the  presence of agricultural. 

chemicals i n  well water. 
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APPENDIX I 

PROJECTED  PROBABILITY OF CONTAMINATION FOR EACH  SECTION 

IN THE  WERCED STUDY AREA 
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APPENDIX I1 

LABORATORY "HODS FOR  DETECTION  OF  ALACHLOR, 

ATRAZINE, WOLACHLOR AND NITRATE 



I ,  Sample Analysis 
A .  ;Cur i ,000 n i S  Cl Sdmple inia 3 2 - ' i : E f  

sepcrztor-i fl:r.sel. 

B. Add 6Om:s 3r' xsticic!e-i;r?de me!hv':me 
ch lor 1de  =;no ';heke separaiory funre; 
YiSorously for one minute. 

C. Let methylene chloride lsler se?;le :c. :he 
bottom of the seoaratclry  funnel fcr least 
m e  mlniite, znc :ken drzln the rner?;:ere 
cnioride layer( the bottcm i3yw) !~t:& 3 
500ml KuGerna-~snisi;iKDi I?poars(us 'with 
a 1 Om1 receiver .  

D. Repeat  steps " 8 "  ik "C" two more  times 

E. Place a few boiling  chips in the K G ,  then place 
the KD Gn a 100°C boilicg .water bath and boil 
unti l  there is less than 5m!s of me?hylene 
chiorice leii. Remove the K G  from ine water 
bath end let i t  caoi for dt  lesst 5 minutes. 

F. Once the KD has ccoled for f w e  minutes, 3dd 
approximately 1 OOmls cjf pesticide-grade 
hexane. Place the K O  on the water bath and 
wrap securely wi th  an insulating blanket.  
5oil  the hexane down until only about 5 m k  
are  left ,  then remove KD from the  waterbath 
and sliow to cool for 5 minutes. 

6. Repeat "F "  one more time. 

H. Once the final  extraction has cooled, br ing the 
extrect u p  to a final volume of  10 0 3is using 
hexane. 

I .  The extrect is X * H  reedy fcr gas- 
chromatcgru?p'ly 

Quality Cont ro l  
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5 . 2  

. .  . . .  .-* . . . . . . .  , ... ~ 

s .3 

5 - 4  

5.5 

5 . 6  

Boiling C?I?QS - agproxirnate!y 10/43 mesh. %'e: st 4CGcC i c r  3G 
m i n  cr S o x h l e t   e x t r a c t  with cethylene chloride. 

Watzr  b a t h  - Heated. w i t h  ccncent;-ic r f n g  c'svp,?, c a ~ a ' s ' e  cf t s p e r -  
2 

Balance - Analy t i ca l ,  c a p a b l e  
O.GO37 a. 

1 Gas L?runatoq-aph - Anzly t i ca  
gra;;h suitable i c r  cn-colunn 
including syrinses ,  analytica 

I 

7 

t S  sksu76 be used i n  a hocd. 

oi z c c r a t e l y  weighins t o  the near%: 

s y s t m  cmrr,2?2t2 with gas  cnrmato-  
n j e c t i o n  2nd a i l  required eccessaries 

cc lums ,  gases,  detectzr  and strip- 
c h a r t ,  recorder. A da ta  s y s t e n  i s  rec,mended f c r  measJring pezk 
areas. 

5 .6 .1 ,  Column 1 - 180 cm l o n g  x 2 m ID g l a s s ,  packed wi th  5s 
Carbodax 2QM-TPA on Supel c o p o r t  (80/100 mesh) or 

619-0L 
41 



5.5.3 

6.3 

619-05 



7 .  C a l i b r z t i c n  

619-06 
43 
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8 2 
1 ne 
md 

8.3 

8.4 

.! .5 

. '  
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9. 

10.2 

10.3 Add a secznd 6a-nL volume of methylene  chlor ide t o  the  Sample 
b o t t l e  and r epea t  the  ex t r ac t ion   p rocedure  a second  time,  combining 
the e x t r a c t s  i n  the  Erlenmeyer f lask.  Perfom a t h i r d   e x t r a c t i o n  
i n  t h e  sane manner. 

47 
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72.2 C a l i b r a t e  the system d a i l y  2 s  described 4n  S x t i o n  7 .  

13, Cal  cul  a t i  01-15 

13.1 Determine the c o n c e n t r a t i o n  of individual cmpounds i n  the s ~ l e .  

13.1.1 If  the e x t e r n a l  s t r n d a r d  calibrztion procedure is u s e d ,  
c a l c u l a t e  t h e  m,cun: o f  rnateri a1 j ; r jected frm the ~ e ~ k  
response using t h e  calibration curve or ca7ibrz"on f E c ? X r  
i n  S e c t i o n  7 . 2 . 2 .  The concentration in the sample can  Be 
ca l  cul ated  as i o  11 ows : 

( A )  (V,) 
P i  (V,i 

Concentration, pg/L x 

where: 
A = h o u n t  of mater i a1 injected i n  nanograms. 
V i  = Volume o f  extract injected in IJL. 
Vt = Volume of t o t a l  e x t r a c t  in uL. 
Ys = Volume o f  water ex t rac ted  i n  mL. 

619-13 



14. 

14 .4  To c o n f i m  m identjficatian of  a ccmpound, t h e  background 
c o r r e c t e d  mass s p e c t r m  of the corpound must be o b t a i n e d  frcm the 
s m p l e  e x t r a c t  and ccmpared w i t h  a rnzss szectrurn  from a stock o r  
c a l  i b r d t i o n  standar! m z ? y ? e d  under ,the s m e  c.brcrnatographic 

619-14 51 
January 1983 



1 4 . 4 . 1  

14 .4 .2  

14.4.3 

15.1 Tne method d e t e c t i o n  i j z j t  (MOL) I s  dc-?ned 2s the minimm 
concentraticn of a s r r S s t ~ n c ~  tnst crn  be ne4 r 4  and rapcr:qd wit?, 
ss% confidmca :bat t h e  value  is abcve zsro. Tj m a  HsL c2nc.n- 
trations l i s t d  i n  T G l e  1 were est lrnated frm the res~cnse o f  the 
themionic bead ni t tosen detector t o  e x t i  ccmpgund. The e s t i m z r e  
i s  based upon the m o u n t  of material  required t o  yield a signa1 
f i v e  t imes the  GLI backsround nolse, assming a S-uL injection frm 
a 10-mt f i n a l  extrzct  c f  a 1 - l i t e r  san3le. 

15.2' In a singfe  l a b o r a t c r y  (either West C c s t  Tezhnlcal Servici?s, Iric. 
cr  Midwest Research Institute), us ing  ef f luents  frm p e s t i c i d e  
rnanufxturers and p u b 1  i c l y  owned t r e a k e n t  works [ P C W ) ,  the 
average retoverie OsentecJ in Table 2 were obtained a f t e r  
Florfsil cleznup. f ~ 8 ' ' 7 n a  standard d e v i z t i o n s  of the percent 
recoverles of these neasurments a re  2150 included i n  Table  2 .  

References 

1. "Pesticide Hethods Evaluation," Lettar Report %11 fo r  EPA Coptract No. 
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Mean Standard 
S q l e  Spike Ntnber o f  Recovery Devlatlon 

P a r m t e r  Tyc e* (x a/L 1 Regllcates ( 5 )  ( x )  

h e t r y n  

Atrazine 

Prcmeton 

Frcmetryn 

P n p a i i  ne 

S irnatryn 

SinaZ?:irre 

Terbuthylzzine 

Ter Su tryn 

3 
3 
3 
1 
1 
2 
3 
3 
7 
3 
3 
3 
1 
3 
3 
3 
1 
2 

2 
2 
2 
7 
7 
7 
2 
2 
7 
2 
2 
2 
7 '  
2 
2 
2 
7 :  
7 

104 
119 
108 
1 77 
67 
5; 
76 

110 
54 

116 

182 
152 
99 

114 
1cO 
82 
89 

183 

619-18 
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CALIFOR?jIX DEPT. OF COO3 5 .L.GRIC. Original   3a:e:?? 
CHEMISTRY LABORATORY SZKi’ICSS Supercedes:  NEW 
EYVIRONMENTAL MONITORING SSZTION Current  Date:1/28/88 
3292 Meadowview  Road Method +: 
Sacramento I C.1 9 5 8 3 2  
( 0 1 6 ) + 4 2 7 - 4 9 9 8 / 4 9 9 9  

.r?lac‘r..lor, .L-~raz ine   and   Meto lachlor   in  Sj’ater 

SCOPE : 
This  method i s  f o r   t h e   e x z r a a t i o n   a n d   a n a l y s i s  o f  Alachlor ,   At raz ine   and  
M e t o l a c h l o r   i n   w a t e r .  

PRINCIPLE : 
Alachlor ,   Atrazine  and  ?Ie:oiachlor  are ex t rac ted   f rom  water   wi th   methylene  
c h l o r i d e   a n d   t h e   e x t r a c t s   a r e   a n a l y z e d  by gas  chromatography. 

REAGENTS AND EQUIPMENT: 
Ethy l  a c e t a t e ,  ACS c e r t i f L s c  o r  e q u i v a l e n t  
>!ethylene  chlor ide,  h C S  CE”’ - ,-,,ed =’ o r  equivalent 
Sodium s u l f a t e ,   a n h y d r o u s  

Sepa raco ry   funne l s ,  1000 r.1 
Giass  wool 
B o i l i n g   f l a s k s ,  500 m l  
Rotary   evapora tor   (Buchi -Sr inknan ,  R110) 
P a s t e u r   p i p e t t e s ,   d i s p o s a b l e  
T e s t   t u b e s ,  1 5  ml graduated  
Ka te r   ba th   ( t empera tu re  = 3 7 ° C )  
Funnels ,   g lzss-s temmed 
G r a d u a t e d   c y l i n d z r s ,  1300 rr.1 

2 .  Add 100 m l  of  methy1er.e c h l o r i d e ,   s h a k e   f o r  5 minutes   and  a l low 1 5  minutes  
f o r   p h a s e   s e p a r a - *  L 1on.  

3 .  F i l t e r   t h e   l o w e r  me5:;ler.e c h l o r i d e   l a y e r   t h r o a g h   g l a s s  w o o l  and  sodium 
s u l f a t e   i n t o  a 500 rrl round  boztom  f lask.  

4 .  Repeat   the   es t racc ior .  t.rr.Lce more. 

5 .  Combine the  three  exi=rac;s   inco  the 500 rnl e v a p o r a t i n g   f l a s k  and r i n s e  the 
sodium  su l fa te   wizh  2 5  p.1 m e t h y l e n e   c h l o r i d e .  

6 .  R o t a r y   e v a p o r a t e   t h e   c e z h y l e n e   c h l o r i d e   j u s t   t o  dryness. 
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;.iachlcr, Atrazine and Xe to lach lo r  

''?UIPA?E2NT COlirDITIONS : 
'.. '.'arian 3790 gas  c'n::oeatograph  wich  Bawletr-Packard 7 5 7 2  Autosamplar  and 

Seh? le t t - i J acka rd  3338A Daza System; TSD Dezsczor;  Column: :.!ethyl s iS icone  
megabore, 0 . 5 3  rrm :i 1.0 rn; Column c o n d i t i o n s :  Tempersture(initial)=140°C 
ho ld  f o r  one  minut\:, Temperature(final)-l63"C, h o l d   f o r   t h r e e   m i n u t e s ;  
Rate:  5":;:'minute; : ; a r i e r  gas : Helium; Carrier g a s  flow: 10  ml/minute; 
I n j e c t o r  ?emperatur.r3-21O0 C ;  Grob i n j   e c t i o n ;   D e t e c c o r   t e m p e r a t u r e  : 
2 7 5 ° C .  

. Varian Vi::ra 6000 5:s chromatograph with auzosampler  ana  Varian 604 Data 
Syscem; ?'53 Dezecto.-:  Column: 50% Phenyl mecny? S i l i c o n e   r e g a b o r e ,  0 . 5 3  mm 
s 10 m ;  i:ci?umn conZyt ions :   Tenpera ture   ( in i ; ia l )= lSC"C;   Tenpera ture  
( f ina l )=k : ' 5 "C;  Ra::t S"C/minute; Ca r r i e r  gas :  Hel ium;   Car r ie r   gas  
f low: 1 2  I;:l/minuce. Injector   temperature-22OoC,  Grob  injeczion;  
Detector  -emperature:  2 7 5 ° C .  

WRITTEN BY: Karen Hefne,;, 1 
. I  



EGUIPMENT: Lachat Autoanalyzer  System  with  nitrate  module 
Tubing,  blue?  Sire 0.065 mm id for  Ammonium  Chloride 
Tubing, Red, Size 0.045 mm id for Color  Reagent 
Cadium  reduction  tube 
Standarc? LaSzrat=rry Glassware 

REAGENTS : 

1. 

2. 

3. 

4. 

Deionkzed  water, Dl. 

Ammonium  Chloride  Solution:  Dissolve 40 g of 
ammonium  chloride and 400 mg of disodium EDTA in 
distilled  water  and  dilute to 4 liters i n  a brown 
bottle.  Adjust  the pH tG 8.5 with concentrated 
ammonium  hydroxide. S t o r e  in the refrigerator. 

Color  Reagent: P l a c e  2800 ml o f  DI water in a 
beaker and carefully add 400 ml concentrated 
phosphoric  acid, H330+. Add 4.0 g o f  
N-l-napthylethylenediamine dihydchloride. Mix well 
and  dilute to 4 liters. S t a r e  in a  brown  bottle in 
t h e  refrigerator. 

Nit-rate-N S t o c k  Standard, 1000 ppm: Weigh 7.216 g 
potassium  nitrate, KN&,!dried at 100°C overnight), 
into a 1 liter volumetric f lask .  Dilute  to  the mark 

w i t h  DI w a t e r .  (Stable 1 year). 

Prepare a 100 ppm intermediate s tock  solution from 
the 1000 ppm stock using the 01 water a5 t h e  
diluent. 

Prepare  working  standard of 122,5, and 10 ppm 
Nitrate-N from  the 100 ppm  intermediate  standard 
using  the DI water as the diluent. 

PROCEDURE : 

1. Set up the  Lachat h t o a n a l y z e r  with  the  nitrate 
module  including  cadmium  column  according  to  the 
instrument  instructions  with t h e  proper reagents, 
cycle time and sampling time. 
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APPENDIX I11 

QUALITIY CONTROL DATA FOR BLANK AND  SPLIT SAMPLES 
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Table 111-1. Recovery resul ts  f o r  blank and spiked sample analyses conducted 
by Chemistry Services,  California Department of Food and 
Agriculture ( C D F A ) ,  Sacramento, California and Agricultural 
Priority  Pollutants Laboratory ( A P P L ) ,  Fresno, California.  

CDFA APPL 
Pesticide Amount  Added Recovery Amount  Added Recovery 

----ppb----- ---$ ---- ----ppb----- - --$-- - - 
Atrazine 1.5 92 1.2 76.3 

5.0 104 1.2 71.4 
6.6 107 1.2 80.3 
6.6 104 1.2  92.1 
6.6 100 12.0  119.0 
9.0 113 12.0  108.0 

12.0 115.0 
12.0  83.5 

Alachlor 

Metolachlor 

2.6 109 
5.0 81 
5.9 99 
5.9 109 
5.9 109 
8.0 88 

3.0 
5.0 
6 .6  
6.6 
6.6 
9.0 

88 
75 
87 
86 
83 
80 

0.06 
0.06 
0.06 
0.06 
0.06 
0.6 
0.6 
0.6 
0.6 
0.6 
6 .O 
6.0 
6.0 
6.0 
6.0 

0.4 
0.4 
0.4 
0.4 
0.4 
4 .O 
4.0 
4.0 
4.0 
4.0 

40.0 
40.0 
40.0 
40.0 
40.0 

66.7 
71.5 
70.0 

100.7 
60.8 
82.0 
73.1 
91.6 
93.0 
95.4 
87.1 
68.3 
89.5 
85.7 
83.9 

70.7 
82.8 
89.9 

113.5 
117.9 
77.6 
77 .O 
77.5 
76.4 
79.4 
74.5 
67.5 
72.0 
72.8 
72.9 
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APPENDIX IV 

LAND USE SURVEY CONDUCTED FOR EACH  SECTION 
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LAND USE IN SAMPLED  SECTIONS OF MERCED COUN'I'Y 

1NFOHMA'I'lON  ON  EACH  SAMPLEIJ  SECTION  INCLUDE: 

?'OWNStiIP,HANGE,  AND SECTION. 

CROPS ANI:, OTHER  LAND  USES  ARE  APPROXIMATIONS  LISTED  BY  PERCENT OF SECTION 
COVERED. 

SUMMER 1987 USES ARE ESTIMATES  BASED  ON  DWR  LAND  USE  MAPS. 

WINTER 1987 USES ARE  ESTIMATES  BASED  ON  EHAP  LAND  USE  SURVEYS. 

IRRIGATION TYPES WERE  RECORDED  DURING  THE  EHAP SURVEY, IF NO TYPE IS LISTED IT 
IS PROBABLY  FLOOD  IRRIGATION. 

LENGTH OF RIVERS,CANALS & DITCHES, AND ROADS ARE APPROXIMATIONS  BASED  ON USGS 
QUADRANGLE MAPS, AND  EHAP  SIJRVEYS. 

NUMBER OF WELLS ARE A ROUGH  NUMBER  OF  WELLS WHICH WERE  EASILY  SEEN  DURING THE 
EHAP  SURVEY. 

FOR EACH  SAMPLED  WELL  THE  NEAREST  CROP(S) OR USES ARE LISTED. 

DIFFERENCES  BETWEEN 1987-LAND USE  AND 1989 LAND  USE MAY BE DUE,TO MANY 
FACTORS, INCLUDING: 

CHANGES IN CROPPING  PATTERNS, 
SEASONAL CROPPING PATTERNS (GRAIN IN THE WINTER/CORN  IN THE SUMMER), 
DIFFERENCES IN SURVEYING  TECHNIQUES, 
ETC . 



LAND USE IN SAMPLED  SECTIONS OF MERCED  COUNTY 

SECTION:  6S/9E-25 

WELLS IN SECTION:  A6 

SUMMER  1987 WINTER 1990 
USE % of section US€ % of section 

ALFALFA 
CORN 
DAIRY 
MIXED PASTURE 

17 
75 
6 
2 

ADDITIONAL  INFORMATION: 

RIVERS: 0 MILE 
CANALS & DITCHES: 1 MILE 
ROADS: 4 MILES 

ul DOMESTIC  WELLS: 6 
IRRIGATION  WELLS: 1 
OTHER  FEATURES: 

m 

A06 IN GRAIN/  CORN  AREA. 
ND,ND 

ALFALFA 
DAIRY 
GRAIN 
IDLE 
MIXED  PASTURE 

24 
7 

64 
3 
2 



LAND USE IN SAMPLED SECTION§&WRCED COUNTY 

SECTION: 6Sll OE-07 

WELLS IN SECTION: B04,BlO 

SUMMER 1987 WINTER 1990 
USE % of section USE % of section 

ALFALFA 
ALMONDS 
CORN 
DAIRY 
IDLE 
MIXED  PASTURE 
NATIVE  VEGETATION 

22 
6 
5 
6 
4 
9 
1 

ALFALFA 
DAl RY 
DECIDUOUS 
GRAIN 
IDLE 
MIXED  PASTURE 

10 
13 

57 
11 
2 

7 flood 

m m 
ADDITIONAL  INFORMATION: 1987 PERCENTAGES  INCLUDE  ONLY THE 53% IN MERCED  COUNTY 

RIVERS: 0 MILE 
CANALS & DITCHES: 3 MILES 
ROADS: 6 MILES 
DOMESTIC WELLS: 21 
IRRIGATION  WELLS: 0 
OTHER  FEATURES: 

BO4 IN ALFALFA  NEAR  GRAIN/CORN  AND  IDLE  LAND. 
66.4,  65.1 ppm 
E310 IN GRAIN  AREA  FORMERLY  ALFALFA. 
55.0, 54.6 ppm 

DAIRY  HOLDING  POND 



LAND  USE IN SAMPLED  SECTIONS OF MERCED  COUNTY 

SECTION:  6S/1  OE-17 

WELLS IN SECTION: 83 

SUMMER 1987 WINTER 1990 
USE % of section USE % of section 

SUMMER 1987 WINTER 1990 
USE % of section USE % of section 

ALFALFA 
ALMONDS 
CORN 
DAIRY 
MIXED  PASTURE 
NATIVE  VEGETATION 
NURSERY 
PEACHES 

CP ADDITIONAL  INFORMATION: 
4 

RIVERS: 
CANALS & DITCHES: 
ROADS: 
DOMESTIC  WELLS: 
IRRIGATION  WELLS: 
OTHER  FEATURES: 

0 MILE 
1.5 MILES 
5 MILES 

13 
1 

BO3 IN DAIRY. 
23.7, 24.6 ppm 

14 
21 
49 
9 
1 
1 
4 
1 

ALFALFA 
DAIRY 
DECIDUOUS 
GRAIN 
IDLE 
MIXED  PASTURE 
NURSERY 

1 
1 1  
24 flood 
50 
4 
7 
3 

DAIRY  HOLDING  POND 
CHRISTMAS  TREE  FARM 



LAND USE IN SAMPLED SECTION§W~&CED COUNTY 

SECTION: 6S/1 OE-19 

WELLS IN SECTION: B2 

SUMMER 1987 WINTER 1990 
USE To of section USE To of section 

ALFALFA 
CORN 
DAIRY 
MIXED PASTURE 
NATIVE  VEGETATION 

2 
62 
14 
21 

1 

ADDITIONAL  INFORMATION: 

RIVERS: 0 MILE 
CANALS & DITCHES: 2.5 MILES 

a ROADS: 5 MiLES 
DOMESTIC  WELLS:  12 
IRRIGATION  WELLS: 0 
OTHER FEATURES: 

m 

BO2 IN  GRAINCORN AREA. 
1451 7.2 pprn 

DAIRY 
GRAIN 
IDLE 
MIXED PASTURE 

15 
64 

13 
a 

DAIRY HOLDING POND 



LAND USE IN SAMPLED SECTION§WWRCED COUNTY 

SECTION: 6 9 1  OE-22 

WELLS IN SECTION: c8 

SUMMER 1987 WINTER  1990 
USE % of section USE % of section 

ALFALFA 
ALMONDS 
CORN 
DAIRY 
GRAPES 
IDLE 
MIXED PASTURE 

RESIDENTIAL 
WALNUTS 

PARK-LAWN AREA 

0 a 

ADDITIONAL  INFORMATION: 

4 
18 
43 
9 

10 
1 
1 
4 
9 
1 

ALFALFA 
DAIRY 
DECIDUOUS 
GRAIN 
IDLE 
MIXED  PASTURE 

RESIDENTIAL 
PARK-LAWN  AREA 

RIVERS: 0 MILE 
CANALS & DITCHES: 1.5 MILES 
ROADS: 6 MILES 
DOMESTIC  WELLS: 10 + TOWN  WELLS 
IRRIGATION  WELLS: 0 
OTHER  FEATURES: 

C08 NEAR  ALMONDS  AND GRAINKORN AREA 
88.4, 88.4 ppm 

15 
11 
20 flood ti sprinkler 
33 
2 
5 
3 

11 

AREA  WAS  GRAPES. 



LAND USE IN SAMPLED SECTION§WWRCED COUNTY 

SECTION: 691 OE-24 

WELLS IN SECTION: c5 

SUMMER 1987 WINTER 1990 
USE YO of section USE YO of section 

ALFALFA 3 ALFALFA 4 
ALMONDS 59 DECIDUOUS 63 sprinkler & flood 
GRAIN 7 GRAIN 21 
IDLE 13 IDLE 6 
MIXED  PASTURE 5 MIXED  PASTURE 6 
NATIVE  VEGETATION 5 
POTATOES 8 

4 
0 

ADDITIONAL  INFORMATIOCk 

RIVERS: 0 MILES 
CANALS & DITCHES: 0.8 MILE 
ROADS: 4.5 MILES 
DOMESTIC  WELLS: 16 
IRRIGATION  WELLS: 2 
OTHER  FEATURES: 

C05 NEAR ALMONDS,  GRAIN,  AND  IDLE  LAND. 
ND,ND 

PACKING  SHED 



LAND USE IN SAMPLED  SECTIONS OF MERCED  COUNTY 

SECTION: 691 OE-27 

WELLS IN SECTION:  C2,C4 

SUMMER 1987 WINTER 1990 
USE % of section USE % of section 

ALFALFA 
ALMONDS 
CORN 
DAIRY 
IDLE 
MIXED  PASTURE 
WALNUTS 

32 
16 
39 
5 
4 
3 
1 

ADDITIONAL  INFORMATION: 

RIVERS: 0 MILE 
CANALS & DITCHES: 2 MILES 
ROADS: 4.5 MILES 
DOMESTIC  WELLS: 21 
IRRIGATION  WELLS: 0 
OTHER  FEATURES: 

C02 IN  GRAIN/CORN  AREA 
ND,  ND 

ALFALFA 
DAIRY 
DECIDUOUS 
GRAIN 
IDLE 
MIXED  PASTURE 

11 
6 
22 sprinkler & flood 
43 
13 
5 

C04 NEAR  ORCHARD  AND  GRAIN/CORN  AREA 
88.9,88.9 pprn 
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LAND  USE IN SAMPLED  SECTIONS OF MERGED  COUNTY 

SECTION: 6S/1 OE44 

WELLS IN SECTION: B1 

SUMMER 1987 WINTER  1990 
USE % of section USE % of section 

ALFALFA 
ALMONDS 
CORN 
DAIRY 
GRAPES 
IDLE 
MIXED  PASTURE 
NATIVE  VEGETATION 
PEPPERS 

4 WALNUTS 
Lkl 

5 
13 
25 
8 

11 
1 
4 
6 
2 

25 

ADDITIONAL  INFORMATION: 

RIVERS: 0.5 MILE 
CANALS & DITCHES: 2 MILES 
ROADS: 3.5 MILES 
DOMESTIC  WELLS:  13 
IRRIGATION  WELLS:  2 
OTHER  FEATURES: 

BO1 IN WALNUTS 
13.4,13.8,13.6 ppm 

DAIRY 
DECIDUOUS 
GRAIN 
GRAPES 
IDLE 
MIXED PASTURE 
NATIVE  VEGETATION 

9 
34 flood 
21 

11 
13 
3 

9 sprinkler & flood 



LAND  USE IN SAMPLED  SECTIONS OF MERCED  COUNTY 

SECTION: 691 OE-35 

WELLS IN SECTION: A5 

SUMMER 1987 WINTER 1990 
USE % of section USE YO of section 

ALMONDS 
GRAPES 
MANUFACTURING 
MIXED PASTURE 
NATIVE  VEGETATION 

WALNUTS 
PARK-LAWN  AREA 

ADDITIONAL  INFORMATION: 

RIVERS: 1.5 miles 
CANALS 81 DITCHES: 0.5 mile 
ROADS: 4 miles 
DOMESTIC  WELLS: 5 
IRRIGATION  WELLS: 2 
OTHER  FEATURES: 

b 
i i  

A05 IN PARK 
NO, ND 

11 
58 
1 
2 
21 
2 
5 

DECIDUOUS 
GRAIN 
GRAPES 
MIXED  PASTURE 
NATIVE  VEGETATION 
PARK-LAWN  AREA 

18 sprinkler & flood 
7 

56  sprinkler & flood 
3 
13 
3 sprinkler 



LAND USE IN SAMPLED S E C T I O N § & ~ C E D  COUNTY 

SECTION: 6S12E-09 

WELLS IN SECTION: B6,B7,B8,B9 

SUMMER 1987 WINTER  1990 
USE % of section USE % of section 

ALFALFA 
ALMONDS 
CORN 
DAIRY 
MIXED  PASTURE 
NATIVE  VEGETATION 
PEACHES 
RESIDENTIAL 
SUDAN 

Ln -.I WALNUTS 

ADDITIONAL  INFORMATION: 

RIVERS: 1 MILE 
CANALS & DITCHES: 2 MILE 
ROADS: 3 MILE 

8 
26 
12 
2 
6 

16 
3 
6 
4 

17 

DOMESTIC  WELLS: 3 + TOWN  WELLS 
IRRIGATION  WELLS: 0 
OTHER  FEATURES: 

BO6 IN RESIDENTIAL  AREA. 
46.2,46.6 ppm 
BO7 IN RESIDENTIAL  AREA 
15.4J2.3 ppm 
BO8 IN ALMONDS. 
22.0,16.3 ppm 
BO9 IN  RESIDENTIAL  AREA. 
26.4,26.0 ppm 

ALFALFA 
DAIRY 
DECIDUOUS 
GRAIN 
MIXED  PASTURE 
NATIVE  VEGETATION 
POULTRY  FEEDLOT 
RESIDENTIAL 

11 
2 

43  flood & sprinkler 
17 
9 

11 
1 
6 



LAND USE IN SAMPLED SECTION§SSP.~CED COUNTY 

SECTION: 6 9 1  2E-10 

WELLS IN SECTION:  A7 

SUMMER 1987 WINTER 1990 
USE % of section USE % of section 

ALMONDS 
DAIRY 
MISC.  DECIDUOUS 
MIXED  PASTURE 
NATIVE  VEGETATION 
PEACHES 
SUDAN 
WALNUTS 

ADDITIONAL  INFORMATION: 

12 
15 
3 

49 
14 
4 
6 
3 

RIVERS: 0 MILE 
CANALS & DITCHES: 3 MILES 
ROADS: 2.5 MILES 
DOMESTIC WELLS: 4 
IRRIGATION  WELLS: 0 
OTHER FEATURES: 

A07 IN ALMONDS  NEAR  DAIRY. 
12.3,12.3,12.3ppm 

ALFALFA 
DAIRY 
DECIDUOUS 
MIXED  PASTURE 
NATIVE  VEGETATION 

6 
20 
25 sprinkler 
46 
3 

TRUCKING  COMPANY 
POWER  STATION 
RADIO TOWERS 



LAND  USE IN SAMPLED  SECTIONS OF MERCED  COUNTY 

SECTION:  7S/1  OE-1 0 

WELLS IN SECTION: A9 

SUMMER 1987 WINTER 1990 
USE % of section USE % of section 

DAIRY 
MIXED PASTURE 
NATIVE  VEGETATION 
POTATOES 
SUDAN 

ADDITIONAL  INFORMATION: 

RIVERS: 0 MILE 
CANALS & DITCHES: 3.5 MILE 
ROADS: 2 MILES 
DOMESTIC  WELLS: 6 
IRRIGATION WELLS: 0 
OTHER FEATURES: 

4 
80 
5 
9 
2 

DAIRY 
GRAIN 
IDLE 
MIXED  PASTURE 

5 
10 
15 
70 

A09 NEAR MIXED  PASTURE 8 FORMER SUDAN  FIELD. 
44.0.44.0 ppm 



LAND USE IN SAMPLED SECTION§&WRCED COUNTY 

SECTION: 7 3 1  OE-1 1 

WELLS IN SECTION: c10 

SUMMER  1987 WINTER  1990 
USE % of section USE % of section 

FEEDLOTS 
IDLE 
MIXED  PASTURE 
NATIVE  VEGETATION 
RESIDENTIAL 
SWEET  POTATOES 

ADDITIONAL  INFORMATION: 

4 RIVERS: 0 MILE 
CANALS & DITCHES: 2.5 MILES 
ROADS: 5 MILES 
DOMESTIC  WELLS: 27 
IRRIGATION  WELLS: 2 
OTHER  FEATURES: 

cx, 

3 
3 
66 
7 
2 

19 

POULTRY  FEEDLOTS 
GRAIN 
GRAPES 
IDLE 
MIXED  PASTURE 

3 
8 
8 sprinkler 

14 
64 

C10 IN MIXED  PASTURE  NEAR  IDLE  LAND. 
ND,ND 



LAND USE IN SAMPLED SECTION§#%~@FICED COUNTY 

SECTION: 791  OE-14 

WELLS IN SECTION: c1,c3,c7,c9 

SUMMER  1987 WINTER 1990 
USE % of section USE YO of section 

CORN 
MIXED PASTURE 
NATIVE  VEGETATION 
RESIDENTIAL 

3 
71 
19 
7 

GRAIN 
IDLE 
MIXED PASTURE 
RESIDENTIAL 

ADDITIONAL  INFORMATION: 

RIVERS: 0 MILE 
.i CANALS & DITCHES: 3 MILES 

ROADS: 5 MILES 
DOMESTIC  WELLS: 12 + TOWN  WELLS 
IRRIGATION  WELLS: 1 
OTHER  FEATURES: 

a 

CO1 IN RESIDENTIAL  AREA  NEAR  MIXED  PASTURE. 
ND,  ND 
C03 IN MIXED  PASTURElNATlVE  VEGETATION. 
ND,ND 
C07 NEAR  MIXED  PASTURE  AND  GRAIN  AREA. 
ND,ND 
CO9 IN  MIXED  PASTURE  AREA. 
ND,ND 

8 
19 
68 
5 



LAND USE IN SAMPLED SECTION§&%~~CED COUNTY 

cr) 
0 

SECTION:  7S/1  OE-15 

WELLS IN SECTION:  A8 

SUMMER 1987 WINTER 1990 
USE % of section USE Yo of section 

ALFALFA 
DAIRY 
FEEDLOTS 
IDLE 
MIXED  PASTURE 
RESIDENTIAL 
SUDAN 

ADDITIONAL  INFORMATION: 

7 
2 
4 
5 

74 
3 
5 

AIRSTRIP 
ALFALFA 
DAIRY 
GRAIN 
IDLE 
MIXED  PASTURE 
POULTRY  FEEDLOTS 
RESIDENTIAL 

RIVERS: 0 MILE 
CANALS & DITCHES: 1.5 MILES 
ROADS: 5 MILES 
DOMESTIC  WELLS: 7 
IRRIGATION  WELLS: 2 
OTHER FEATURES: 

A08 IN RESIDENTIAL  AREA  NEAR  MIXED  PASTURE  AND  GRAIN. 
ND,  ND 

1 
7 
2 
6 
4 
69 
6 
5 

AIRSTRIP 
DAIRY SElTLlNG PONDS 



LAND USE IN SAMPLED SECTION§&%@RCED COUNTY 

SECTION: 7 9 1  OE-16 

WELLS IN SECTION: A1  ,A2,A3,AlO 

SUMMER 1987  WINTER 1990 
% of section USE % of section USE 

CORN 
DAIRY 
MIXED  PASTURE 
RESIDENTIAL 

5 
1 

93 
1 

ALFALFA 
CAlTLE FEEDLOTS 
IDLE 
MIXED  PASTURE 

ADDITIONAL  INFORMATION: 

RIVERS: 0 MILE 
CANALS & DITCHES: 4 MILES 

2 ROADS: 3.5  MILES 
DOMESTIC  WELLS: 20 
IRRIGATION  WELLS: 1 
OTHER  FEATURES: 

A1 IN MIXED  PASTURE  NEAR  IDLE  LAND. 
ND,ND 
A2 IN MIXED  PASTURE. 
ND,ND 
A3 IN MIXED  PASTURE. 

5 
2 
7 

86 

ND,ND 
A10  NEAR  MIXED  PASTURE,  CATTLE  FEEDLOT,  AND IDLUCORN AREA. 
ND,ND 



w
 

0
 

P !& (01 

0
 z c
 
0
 

W
 

v
) 

.. z
z

 
+

I
-

 
a

v
)

 

.. 
0

0
 

Y
Y

 
z
 
0
 

82 



S12.XLS 

LAND  USE IN SAMPLED  SECTIONS OF MERCED  COUNTY 

SECTION: 7S111 E-1 2 

WELLS IN SECTION: C6 

SUMMER 1987 WINTER 1990 
USE Yo of section USE % of section 

ALMONDS 
GRAIN 
GRAPES 
IDLE 
MIXED  PASTURE 
NATIVE  VEGETATION 
SUDAN 
SWEET  POTATOES 

ADDITIONAL  INFORMATION: 

RIVERS: 0 MILE 
CANALS & DITCHES: 1 MILE 
ROADS: 5 MILES 
DOMESTIC  WELLS: 17 
IRRIGATION  WELLS: 0 
OTHER  FEATURES: 

w 03 

69 
1 
3 
3 

10 
28 
6 
4 

DECIDUOUS 
GRAIN 
GRAPES 
IDLE 
MIXED  PASTURE 

67 sprinkler & flood 
15 
3 flood 

10 
5 

C06 NEAR  GRAIN  AND  ALMONDS.  WAS IN MIXED PASTURE. 
52 3 52 3 pprn 
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